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ABSTRACT 
In open pit mining, once a bench has been blasted, the material left resting against the highwall 
poses an issue in dozer bulk push operations. This is because dozers cannot physically get in behind 
the waste to begin the bulk pushing process. Instead, an excavator can be used to side-cast this 
waste for the dozers to access. An alternative technique to this is to have the dozers ‘side-cut’ the 
material, which involves the dozers running parallel to the wall; digging out the material; and 
eventually rotating their blade to begin bulk pushing. Industry practices, suggest the latter technique 
is less productive and economical than using an excavator. However, an extensive literature review 
was conducted which found the latter statement is based on the assumption that smaller/ancillary 
type excavators are used (i.e. smaller than those fitted with 23m3 bucket). Therefore, mine sites that 
are restricted to using their larger excavators could potentially benefit from using the dozer side-
cutting technique. This thought process is what formed the basis of the project. 
This thesis has identified the mining conditions under which the excavator side-casting technique is 
more economical than the dozer-side-cutting technique using a mine site in the Hunter Valley as a 
case study. The costs and productivity of each technique was tested against different muckpile 
profiles, fragmentation levels, bench widths and excavator sizes.   
Using mine site data obtained in NSW, a dozer side-cutting factor of 0.75 was calculated. Out of 81 
scenarios that were designed and simulated, the results found 22 instances when dozer side-cutting 
was more economical than using an excavator. For a 45 m bench width, larger blast profiles and 
finer fragmentation proved to be ideal, especially over the use of the largest excavator tested (a 
Hitachi EX3600 fitted with a 29m3 bucket). For a 55 m bench width, dozer side-cutting was only 
more preferable than using the larger excavator; whilst a 60 m bench showed that dozer side-cutting 
was more viable than the use of any excavator size in small blast profile conditions for any level of 
fragmentation. The costs savings incurred from using the dozer side-cutting technique ranged from 
$0.06/lcm to $0.59/lcm, where the higher cost savings were achieved on the 60 m bench under a 
small cast blast profile. The results also found the excavator assisted operations were found to be on 
average 30% more productive, which supports existing literature claims.  
The main areas for further work into this topic include conducting an NPV based cost analysis 
including the capital expenditure for each technique, obtaining more mine data to validate the dozer 
side-cutting production factor and, finally, determining an optimal dozer side-cutting technique in 
itself to decrease the production loss associated with it.  
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 INTRODUCTION 
1.1. BACKGROUND 
Optimising low cost waste removal operations is important for the profitability of coal mine 
sites. In the past decade, dozer bulk pushing has emerged and taken over traditional waste 
removal operations including dragline and truck and shovel methods at various coal sites around 
the world (Beatty, 1994). An open cut thermal coal mine in the Hunter Valley in NSW, Australia 
hired three D11R Caterpillar dozers specifically to perform bulk push operations on site for the 
first time. For the purposes of the research project, this mine site was denoted as ‘XY mine site’. 
There had been little previous operational experience with bulk pushing dozer operations at this 
mine, hence there was a need for thorough analysis into the new bulk pushing fleet’s operational 
performance and capabilities. By investigating the fleet’s capabilities during bulk pushing, 
questions regarding the cost and productivity of a specific section of the bulk push method were 
raised. This thesis has focused on closing a knowledge gap by answering these questions using 
XY mine as a case study, as well as using existing literature, academic principals and current 
industry practices and assumptions.  
1.2. PROJECT CONTEXT AND AIMS  
In a typical bulk push operation, once the bench has been blasted, there is waste left resting 
against the highwall, which can either be cleared using a loading unit or by having the dozers 
‘side-cut’ the highwall. This specific section of the bulk push operation was the focus of the 
research project.  
Dozers perform most effectively when slot dozing side by side, perpendicular to the highwall. 
However, when dozers are required to remove material off the highwall, they must push parallel 
to the highwall, rather than perpendicular, hence ‘side-cutting’ the material to ensure a clean 
face. Whilst dozer side-cutting is possible, it was been found that the majority of mine sites use a 
loading unit in this situation to avoid dozer inefficiency. Other perceived issues with dozer side-
cutting include higher maintenance requirements and safety risks to dozer operators working in 
close proximity to the highwall. Overall, current industry practices surrounding dozer bulk push 
operations suggested that the use of an excavator on the highwall was more productive and 
economically viable than dozer side-cutting.  
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This statement however, was found to be based on the assumption that small ancillary-type 
loading units are used (i.e. excavators smaller than those fitted with a 23 m3 bucket). Hence, the 
use of an excavator on the highwall might not be more economically favourable for mine sites 
that only own large excavators preferred for high priority digging rather than secondary 
trenching tasks in dozer bulk push processes. This was the case for XY mine site in the Hunter 
Valley; its smallest loading unit being a Hitachi EX3600 fitted with a 29 m3 bucket with an 
effective utilisation of 61%. The time metrics and size of the excavator caused XY mine site to 
ask the following questions:  
 “Can we avoid using the excavator during the bulk push process?”; 
 “When is dozer side-cutting more economically viable than using an excavator?”; and 
 “When is a loading unit economically necessary during the bulk push process?”.  
These questions formed the basis of this research project and outlined the aim of the thesis, 
which was to determine cost effective situations in which dozer ‘side-cutting’ could be used 
instead on an excavator in a typical dozer bulk push operation. This was achieved by modelling 
and comparing the productivity of removing a bench using the dozer side-cutting technique 
against having an excavator side-cast the material off the highwall while considering the 
following variables: 
 bench widths; 
 muckpile profile;  
 material fragmentation; and 
 excavator size. 
1.3. PROJECT OBJECTIVES  
 
In order to satisfy the aim of this research project, the following objectives were set:  
1. source literature surrounding dozer bulk push operations and similar studies within the 
mining industry;  
2. understand the current dozer push operation at XY mine site (operator testimonials,  
planning engineer testimonials and visuals); 
3. establish the different combinations/scenarios of variables to be tested; 
4. design each scenario using design software to obtain productivity parameters (push 
distance and grade);   
17 
 
5. develop a dozer push productivity calculator; 
6. develop an excavator productivity calculator; 
7. input all productivity factors and design inputs into respective calculators to obtain the 
costs of each scenario; 
8. analyse the data and verify with current industry knowledge; 
9. develop a decision matrix in terms of each variable regarding whether to use an excavator 
or whether to have the dozers side-cut the highwall; and 
10. draw conclusions and make recommendation regarding the optimal conditions to use an 
excavator for XY site and similar mines. 
1.4. PROJECT SCOPE  
The productivity of a dozer bulk push operation is affected by the following factors (Hayes, 
1997): 
 operator efficiency; 
 grade; 
 distance; 
 fragmentation; 
 slot doze; 
 dual tilt (a type of dozer blade); 
 visibility; 
 proper gear; and 
 machine balance.  
This project however, only considered the effect of fragmentation, push distance, grade, bench 
width and muck-pile profile on productivity. The other factors were assumed to remain constant 
and were considered out of scope. The effect on productivity due to dozer machine sizes and 
capability were also considered out of scope. Furthermore, the cost model was based solely on 
operational costs as a financial technical model considering the capital cost of equipment was 
also deemed to be out of the scope of this project. 
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1.5. SIGNIFICANCE TO INDUSTRY 
Given that bulk pushing has hitherto been largely unexplored as a waste removal method, studies 
considering this method’s issues and various techniques will only further our understanding of 
the topic within the mining industry. In today’s current coal mining climate, coal operations 
around the world and in Australia particularly are facing enormous pressure to increase 
productivity at low costs. Therefore, optimising low cost waste removal operations has never 
been so important for the profitability of coal mine sites. 
With limited studies undertaken on bulk pushing in the industry, a bias - attached to using an 
excavator within a bulk push process - has developed. This is usually not based on productivity 
and cost analysis but rather on “what other mine sites are doing” (Veness, 2016). Challenging 
this idea and presenting data for both production dozing and excavator side-casting productivity 
will ensure decisions are based on current knowledge and therefore, the efficiency of bulk push 
operations will be increased.  
Existing literature shows how efficient bulk push operations can be, however optimising the 
operation requires studying the conditions under which the operation is taking place. By using 
XY mine site as a case study for the project, the findings will potentially directly result in cost 
savings whenever the site is conducting bulk pushing. More importantly however, the cost 
benefit model and decision matrix has been developed based on current practices, academic 
principles and real mine site data to ensure the model is relevant to other coal sites in Australia, 
particularly sites in the Hunter Valley.  
Furthermore, only three research projects investigating the optimisation of dozer bulk push 
processes and design have been published in the last three years1.  Increased attention to the 
dozer bulk pushing process will encourage additional research on this topic in the future.  
 
 
 
  
1 (Cumerlato, 2016); (Uren and Nehring, 2015); and (Cunningham, 2013). 
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 THE DOZER BULK PUSH METHOD 
2.1. DOZER BULK PUSH APPLICATIONS IN MINING  
Dozer bulk push has become a waste-removal method in itself, applicable to both flat dip and 
steep strip mines using apparent dip stripping. Bulk pushing cheaply moves material to spoil by 
using the void created by coal mining and is most efficient for waste benches up to 60 m above 
the basal seam (MEC Mining, 2016). 
Dozer bulk push is usually coupled with the technique of cast blasting in steeply dipping mines. 
By designing strips at an angle to the coal dip, a void and apparent strip floor is created which 
renders the process of bulk pushing into the void very easy.  Bulk pushing is also applicable to 
single or multi seam geometry in conventional strip mines, where the upper waste benches are 
bulk pushed with dozers to completely exploit the void whilst the lowest bench is usually mined 
with truck and shovel.   
Current Australian and overseas industry practices indicate that dozer bulk pushing is being used 
in the following scenarios (Doktan, Scott and Cocker, 1998):  
 preparing the dragline bench; 
 dozing the key cut for the dragline; 
 removing the material wedged between the apparent dip floor and the coal seam; 
 bulk pushing material to excavators and loaders; 
 solo stripping; 
 coal seam preparation; 
 interburden excavation; and 
 rehabilitation work.  
The objectives and results of this research project will, however, be most applicable to dozer 
bulk pushing operations involving “bench forming”.  
2.1.1. Bench Forming  
Bench forming covers two bulk-pushing applications: 
 mining a waste bench and preparing it for a dragline (“dragline bench forming”) and  
 mining a waste bench directly atop a coal seam.  
20 
 
Production dozing of cast material is economically ideal when performing the two tasks listed 
above. Waste benches directly atop coal are usually mined with a dragline, however when 
situations arise where strips cannot accommodate a dragline process, bulk pushing is an 
economical substitute (Peabody, 2016). Whilst draglines remain the most cost-effective waste 
removal method in conventional strip mining, dozer bulk pushing in bench forming applications 
is mostly used to prepare the dragline bench. In this situation, dozers will remove the upper 
waste layers by pushing the material into the previously mined out pit and subsequently doze and 
prepare the dragline bench. There are various dragline benching methods including the Cross Pit 
bench and the Extended Bench method. The Cross Pit method differs from the latter in that it 
establishes a dragline bench, which extends and crosses the entire pit rather than only part of the 
way across the pit (Cunningham, 2013). Both these methods end up forming the bench to be 
removed by the dragline but also the pad on which the dragline sits upon, saving the dragline 
having to build the pad itself. With this, dragline rehandle is overall reduced as it casts directly to 
final spoil (Cunningham, 2013).  
Bench forming is the main application of dozer bulk pushing that raises the issue regarding dozer 
productivity when clearing material off the highwall. After a bench has been blasted, there still 
remains material up against the highwall that dozers cannot physically get behind to begin the 
bulk pushing process (pushing perpendicular to the wall into the spoil piles). Instead, dozers are 
first required to dig out (“side-cut”) the material parallel to the highwall and slowly rotate to 
‘kick out’ the load and begin pushing it into the spoils. According to Ingles et al (2005), this is 
the most unproductive phase of the dozer push cycle. This process is avoided in the industry 
specifically because:  
 a dozer side-cutting is inefficient as the dozer is best used pushing bulk dirt (slot dozing ), 
not fiddling around the toes of the wall (Seib, 2016); 
 a dozer side-cutting loads the machine unevenly (the blade and the transmission) 
increasing maintenance requirements and operating costs (Ingles et al, 2005); and 
 a dozer side-cutting puts the operator at risk while positioned under the wall where she/he 
is cutting (Veness, 2015).   
An industry review of the bulk push benching methods conducted by JKMRC, discovered that 
mine sites that are aware of this inefficiency implement the following practices to avoid the issue 
(Doktan, Scott and Cocker, 1998):  
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 leaving the wedge of material against the highwall for the dragline to remove or 
 having a hydraulic excavator or backhoe dig and side-cast the wedge of material to the 
dozers who can continue bulk pushing as per usual.  
2.2. DOZER BULK PUSH METHODOLOGY 
The objectives of this thesis are most applicable to the process of dozer bulk pushing when 
forming a dragline bench or removing a waste bench atop a coal seam, as it involves the issue of 
decreased dozer productivity when side-cutting the highwall. As discussed in Section 2.1.1, 
current industry practices suggest that overcoming this in the typical dozer bulk process requires 
the assistance of a loader. Therefore for the purposes of this research project, a typical dozer bulk 
push process refers to dragline bench forming using standard bulk pushing techniques and the 
use of an excavator on the highwall.  
2.2.1. Typical Dozer Push Pit Profile 
A typical dozer bulk push profile is illustrated by Ingle et al (2005) in Figure 1. It shows the 
aftermath of a cast blast. The top overburden bench is handled using dozer bulk push techniques 
that purposely level the cast profile and reduce rehandle, thereby optimising the dragline’s 
performance when removing the lower overburden bench atop of the coal seam. The dozers bulk 
push in sections denoted by B, C, D, E, F and G, whilst an excavator is used to remove material 
off the highwall in sections, denoted from 1B-6G. The excavator side-casts material from 12m 
off the highwall to allow dozers to reverse over the excavated material and begin pushing into 
the spoils. Twelve metres is an industry rule of thumb, reflecting the length of a CAT –D11R 
dozer (Hall, 2016).  
Waste material that is casted or pushed straight into the waste dump is referred to as ‘cast prime 
dirt’ and is defined in Figure 4 by the waste dump angle of repose. Material above the waste 
dump angle of repose is left for the dragline to rehandle and cast into the waste dump itself 
(Cunningham, 2013). Dozers achieve high production rates when they maximise the use of 
gravity to help push material directly into the waste dump. This material is referred to as ‘cheap 
dirt’ and is what drives the cost-effective advantage of the dozer bulk push method (Hall, 2016). 
On the other hand, rehandle material still remains a by-product of dozer bulk pushing and stems 
from dozers pushing material directly over the edge of the waste bench - landing above the waste 
dump angle of repose. However any rehandle material created during the bulk pushing process is 
significantly decreased when correct and appropriate bulk pushing techniques are applied.  
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Figure 1 Typical bulk push profile (Ingles et al, 2005) 
2.2.2. Basic Bulk Pushing Cycle and Terminology  
Figure 2 illustrates the typical bulk pushing cycle involving three stages: 
 Cutting/Digging – The dozer digs and tilts its blade into the material that is subsequently 
cut and rolled forward. 
 Slide/Carry – Once the blade is full, the blade is tilted backwards and the carries the 
loaded blade forward. The dozer travels quickest during this stage as less power is 
required to dig into the material. 
 Dump – The dozer tilts the blade forward to release the load once it has arrived to the 
dump location. It then reverses back to start a new cut.  
 
 
 
 
 
Figure 2 Typical bulk push cycle (Rio Tinto Coal Australia, 2014) 
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This bulk pushing cycle can be applied using two common techniques: slot dozing and back 
stacking. Whilst these techniques are advantageous in different ways, they both use the concept 
of ‘cut and fill’ using a ‘pivot point’. This is illustrated in Figure 3.  
 
 
 
 
 
The pivot point is the point where the blast profile intersects the desired waste dump (the final 
low wall). It designates the ‘cut’ and ‘fill’ sections defined by the angle from the toe of the coal 
seam. Material should be cut and pushed on the highwall side of the pivot point and then carried 
and dumped (filled) on the low wall side of the pivot point. The objective is to doze down to the 
pivot point in order to avoid additional handling and less spoil room for bulk doze (dozing below 
the pivot point) or creating additional rehandle (dozing above the pivot point) (MEC Mining, 
2016). The pivot point allows an efficient way of designing each ‘push’ phase of the dozer push 
cycle by cutting the blasted material into slices. This concept is shown in Figure 4. When 
material is cut and filled through the pivot point, less rehandle is produced.  
 
 
 
 
 
 
Figure 3. Dozer bulk push pivot point (MEC Mining, 2016)  
Figure 4. Dozer push method by slicing material into section (MEC Mining, 2016)  
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 INDUSTRY CASE STUDIES OF EXCAVATOR 
ASSISTED DOZER PUSH OPERATIONS  
Whilst limited studies have been conducted regarding the use of an excavator during bulk push 
operations, the following three studies by Ingles et al (2005), Caterpillar (2008) and JKMRC 
(1998) provide results and methodology relating to this research project. Unfortunately, no 
research has been found regarding dozer productivity and costs specifically relating to when 
dozers side-cut the material off the highwall. This is because it has consistently been assumed 
that “the dozers are unable to move [this highwall material] as the dozers cannot get behind the 
material and push it. Thus, this material is left behind for truck and shovel to take so it is 
excluded from the dozer push volume” (Uren and Nehring, 2015).     
3.1. INGLES ET AL (2005) FIELD STUDY  
3.1.1. Study Purpose 
This field study was conducted in a Western US coal mine and aimed to compare the 
productivity of Caterpillars D11R dozers to the D11N with and without the assistance of an 
excavator.  
3.1.2. Methodology  
 Field Study Methodology 
The two dozers were tested on a pre-bench cast. An area of 30.5m width and 68.5m in length 
was staked out at a downhill grade of 20% (Ingles et al, 2005). A schematic diagram of this set 
up is seen in Figure 1 in Section 2.2.1.  The first test required the machines to perform slot 
dozing in the area without removing the material along the highwall. The second test involved a 
Caterpillar 5230b Mass Excavator with a 14-yard bucket (equivalent to a Hitachi EX2600 200 t 
excavator) side-casting the material along the highwall into the doze area. The dozers then 
reversed up and behind the side-casted material and began to push and doze that material 
perpendicular to the wall along with the material from their respective pits.  
 Inputs for the Simulated Production Comparison  
Ingles et al (2005) also provided the results of a simulated production comparison in order to 
verify the field study results. The following inputs were assumed for the DOZIM software 
simulator:  
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1. Dozer cast material: 306,000 bcm 
2. Loose weight: 2800 lb/cubic yard 
3. Altitude: 2500-5000 feet 
4. Job Efficiency: 83% (53min/hour) 
5. Skill Level: 95% 
6. Availability: 90% 
7. Dozability: 100%  
With the use of bucket size and typical side-casting cycle times for excavators working on the 
highwall, the productivity for a hydraulic excavator was estimated. Figure 5 shows the inputs 
and productivity:  
 
Figure 5. Estimated hydraulic excavator side-casting productivity (Ingles et all, 200) 
3.1.3. Results  
1. Field Study Results 
The first test showed that the average dozing production for the D11R was 2113 bcm/hour. The 
second test showed that the 5130 excavator side-casted approximately 783 LCM into the doze 
area and the dozers average a productivity of 2500 bcm/hour. The results indicated a 20% 
productivity improvement when an excavator assisted the operation.   
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 Simulated Results and Costs 
The simulation for the first test (without excavator assistance) indicated that the D11R dozer 
needed 420 hours in order to remove the cast dozer material. This time was broken up into:  
1. 122 hours of cutting along the highwall; 
2. 191 hours of rehandling the highwall cut material  
3. 214 hours to slot doze the remaining pre bench cast material.  
The average dozer productivity over the area was 700 LYC/hour. The average hourly dozer cost 
was also said to be $0.21/LCM which was comprised of: 
 26 cents per metre to side-cut the highwall; 
 19.6 cents per metre to rehandle the highwall material; and  
 14 cents per metre to slot doze the remaining pre bench cast material.  
With excavator assistance during the operation, the dozer fleet hours are reduced since the dozers 
are not required to spend time side-cutting the highwall so can simultaneously doze the rehandle 
material from the excavator. The simulation for the second test (with excavator assistance) 
therefore indicated the required dozer hours were only 306 along with 58 excavator hours 
occurring simultaneously.  The excavator was comprised of a 11.5 cubic meter bucket. Dozer 
productivity increased to 1000 LCM at a cost of $19.6 cubic meter. A cost saving of 5.2 cents a 
meters was increase by using the loader when side-casting the highwall material. Ingle et al 
explain that the production increase of 37% when using an excavator would be the maximum 
potential improvement. A production advantage of 20-27% would more realistic when 
considering time lost due to excavator scheduling and coordination between the dozers and the 
excavators   
3.2. CATERPILLAR PERFORMANCE REPORT  
The study discussed in Section 3.1 is similar to this one conducted by Caterpillar (2001), 
however the results were outlined in greater detail.  
3.2.1. Study Purpose 
The Caterpillar (2001) study conducted in the Powder River Basin in Wyoming, USA aimed to 
compare the productivity of a D11R to a D11N caterpillar dozer in three different applications:  
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Figure 6. Caterpillar D11R and D11N performance study results (Hartman, 2001) 
 Slot dozing in a flat spoil area of material comprised of shale, sand and clay, with 
average weight of material 1602 kg/cm.  
 Slot dozing on a pre bench cast area on a downhill grade of 20% with material comprised 
of shale, sand and clay with average weight of material 1513 kg/lcm.  
 Push dozing in the same pre-bench cast area as the second test area study, with a 
Caterpillar 5120 excavator side-casting material off the highwall.  
For the purposes of this research project, only the methodology and results of the third 
application will be discussed.  
3.2.2. Methodology 
An area of 30.5m width and 68.5m in length was staked out at a downhill grade of 20% 
(Hartman, 2001). A Caterpillar 5130 Mass Excavator with a 14-yard bucket side-casting the 
material along the highwall into the doze area. The dozers then reversed up and behind the side-
casted material and began to push and doze that material perpendicular to the wall along with the 
material from their respective pits. During the study, dozing and reversing times were recorded 
and once the tests finished, the mine surveyors calculate the volume of material moved in each 
pit.  
3.2.3. Results  
Figure 6 outlines the results of the study. This thesis is based on D11R dozers; using this 
information average dozer productivity of 2007 BCM/hour can be expected.   
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3.3. JKMRC SIMULATED STUDY  
A cast study investigated the applicability of a backhoe side-casting material (‘trenching’) in a 
standard dozer bulk push operation. JKMRC developed a workbook/model to simulate this 
operation and compared the results to two other different scenarios (Doktan, Scott and Cocker, 
1998): 
 Solo dragline digging and  
 Dozers bulk pushing a bench but leaving the material against the wall for the dragline to 
remove.  
Figure 7 outlines the pit and operating conditions assumed by JKMRC:  
 
 
 
 
 
Figure 7. Pit and operating conditions for the JKMRC study (Doktan, Scott and Cocker, 1998).  
Once the pit was profiled using the workbook, the following volumes were calculated: 
 Blast volume: 350,000 m3; 
 Muck volume: 463,433m3; Volume to be moved 128,443 m3;  
 Dozer HW wedge: 18,431 m3; and 
 Backhoe Trenching volume: 27,807 m3.  
The results of the simulation are shown in Figure 8 and suggest that whilst the operating cost 
difference is not significant (mainly due to capital cost difference), the total cost for a excavator 
assisted dozer push operation is more attractive.  
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 Dragline Dozer Dozer and Backhoe  
Combined Operating Cost ($/bcm) 0.563 0.604 0.573 
Combined Capital Cost ($/bcm) 0.407 0.194 0.173 
Combined Total Cost ($/bcm) 0.971 0.798 0.746 
Operating Productivity (bcm/hr) 1500 367 382 
 
 
 
 
 
 
 
Figure 8. Simulated results from the JKMRC study (Doktan, Scott and Cocker, 1998).  
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 DOZER BULK PUSH PRODUCTION FACTORS 
A JKMRC-led study in Australian and in seven USA mines (Doktan, Scott and Cocker, 1998) 
concluded that the cost effectiveness of dozers when slot dozing or back stacking in various bulk 
push applications is related to multiple operating conditions such as: 
 waste characteristics;  
 fragmentation and cast blast profile; 
 dozer power, type, blade, and maintenance conditions; 
 push distance and slope; and 
 work mode, traction and cut and fill tasks.  
However when dozers must side-cut the material along the highwall, dozer productivity during 
these stages of the bulk push specifically depends on: 
1. push distance (dictated by pit width); 
2. material characteristics (fragmentation); and 
3. muckpile profile.  
As discussed in Section 2.1.1 and 2.1.2, dozers are least productive when side-cutting or 
operating on grades greater than 50%, therefore an excavator is used to help maintain 
productivity. This research project aims to quantitatively establish the optimal production factors 
(stated above) that necessitate the use of an excavator during these two stages of the bulk push. 
Industry studies and relevant literature has been compiled surrounding the effects of push 
distance, grade, fragmentation and various muckpile profiles in order to provide a base case for 
the future results of this research project.  
4.1. PUSH DISTANCE 
Dozer push productivity can vary by 1307 LCM/hour over push distances between 30-122m 
(Hayes, 1997). Industry rules of thumb suggest that push distances up to 152m ensure dozer bulk 
push operations remain economical (Seib, 2016). Figure 9 graphs a D11N production against 
varying push distances according to OEM (Caterpillar) specifications.  
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As is expected, greater push lengths decrease dozer production resulting from longer cycle times. 
Cutting strategies are designed to reduce the pushing/carrying distance before the pivot point 
whilst also maximising the amount of material pushed as prime. Therefore, long shallow cuts 
(pushing down) over the distance between the pivot point and highwall are ideal if long push 
distances are necessary.  
The main advantage of using an excavator to side-cast material off the highwall is that dozer 
push distances are reduced, consequently increasing dozer production per operating hour. 
Production dozing conducted in a Rio Tinto mine is North Queensland reported the material 
side-casted by loaders averaged 15m from the toe of the highwall (Veness, 2016). This length 
was consistent with similar bulk pushing operations in NSW (Rio Tinto Coal Australia, 2016). 
Assuming average push lengths between 30m and 150m, Figure 10 suggests that a decrease of 
15m in push distance can increase dozer production by up to 200bcm/hour. However the benefits 
of such an increase would be decreased with the costs of implementing the loader itself.  
Therefore, whilst decreased push distances will increase dozer productivity, any benefit from a 
decrease in push distance resulting from implementing a loader on the highwall must exceed the 
costs of implementing the loader on the highwall first.   
4.2. MATERIAL CHARACTERISTICS  
The effect of material characteristics on dozer and excavating productivity are specifically a 
result of material density and degree of fragmentation and the nature of the loose materials.  
Figure 9. D11N dozer production vs distance curve 
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4.2.1. Fragmentation and Nature of Material 
 Dozer Production  
Large fragmentation has the following effects of dozer pushing (Isles, 2003): 
 low blade fill factor; 
 requires higher force in order to cut and pry out rock; 
 slower cutting and filling cycles; and 
 slower pushing speeds as the large particles resist more to sliding in the blade.  
Figure 11 provided by Hayes (1997), shows relationship between dozer push productivity push 
distance and fragmentation.  
 
Figure 11 Dozer performance against push distance and degree of fragmentation curve (Hayes, 1997) 
The graphs shows that well fragmented rock incurs greater dozer push performance than poorly 
fragmented rock.  
The nature of the material can influence dozer productivity as well. The ‘looseness’ of the 
material will impact on the horse power requirements for pushing. Doktan, Scott and Cocker 
(1998) state that flat ground makes pushing easier with soft material versus hard material. On the 
other hand, when pushing uphill, dozers experience less traction which can make pushing hard 
material uphill more productive. Furthermore, rounded-edge material requires less cutting force 
and therefore less horsepower compared to jarred blocky material. Well graded material (wide 
range of particle sizes) causes slower push cycles compared to poorly graded material (uniform 
particle sizes) (Paths for All, 2014).  
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 Excavator Production  
 
Excavator productivity is directly affected by material fragmentation, as well as muckpile swell 
and ‘looseness’, which influence the excavators’ digability capabilities (Brunton et al, 2003). 
Significant studies have been conducted regarding this concept. A test conducted in Kalgoorlie 
found that the most relevant fragmentation distribution parameter regarding average excavator 
dig time was P80 (fragment size at which 80 per cent of material passes). A distribution of the 
results from the trials is shown in Figure 12, highlighting that courser fragmentation increases 
average dig time.  
 
 
 
 
 
  
 
 
Laboratory and field studies conducted in Canada tested the effect of blasting on excavator buck 
fill factors.  Allen, Hawkes and Noy (1999) state that fill factor increases with a decrease in the 
uniformity index (a Rosin Rammler characteristic). A greater material size distribution will 
increase the chances of a rock filling a space between other rocks, as depicted in Figure 13.   
 
 
 
 
Figure 12. Fragmentation of P80 against average excavator dig time (Brunton et al, 2003) 
Figure 13. Benefits of different material size distribution in excavator bucket 
(Allen, Hawkes and Noy, 1999). 
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They found that an average uniformity coefficient of 0.91 at size characteristic of X50=135cm 
resulted in an average dig time of 19 seconds, whilst a uniformity coefficient of 0.78 at size 
characteristic X50=65 resulted in a dig time of 12 seconds. The decrease in uniformity 
coefficient, and therefore increase in fragmentation, decrease, average loader dig time.  
4.2.2. Traction 
Whilst excavators require sufficient traction in order to main stability when loading material, 
excavator productivity is much less sensitive to traction levels than dozer push productivity 
(Doktan, Scott and Cocker, 1998). Without sufficient traction, dozer tracks will slip on the 
ground and will prevent the full power of the engine from being used, substantially decreasing 
dozer push productivity. Caterpillar (2008) defines the useable pull of a tractor (dozer) by the 
traction coefficient and its weight. Cases of extremely low traction arise from highly loose 
material or very hard ground. Material with loose cohesion will cause the track grousers to spin, 
preventing any thrust, whilst hard ground will not allow the grouses to dig into it to generate any 
thrust.  Doktan, Scott and Cocker (1998) state that if majority of the material fragments are 
strong enough to counter the impact from the grousers and they are large in size than the widths 
of the grouser shoes, then the possibility of traction is solely dependent on the limited frictional 
resistance between the shoe metal and the rock fragments. For this reason, controlling the muck 
pile size distribution is important in generating sufficient traction.  
4.2.3. Material Conditions Index for Dozer Production 
The effect of various material conditions on dozer production are difficult to quantify however 
the Caterpillar Performance Handbook and a JKMRC production workbook provide 
indices/coefficients corresponding to different conditions. Figure 14 shows Caterpillar’s (2008) 
‘job condition correction factors’ including ones for describing the material conditions. It 
suggests that production can vary by +/- 20% if material is loose or hard to drift. 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. Job correction factors (Caterpillar, 2008). 
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A study conducted by JKMRC developed a dozer push production model based on several 
production factors including a material condition index. The index is calculated using the five 
following rankings (Doktan, Scott and Cocker, 1998): 
 R1 - Internal Angle of Friction 
 R2 - Material Arch Forming Properties 
 R3 - shearing off asperities 
 R4 - average fragment shape 
 R5 - Blade cutting length adjustment  
Each ranking is calculated using qualitative properties and some rock mechanic properties (see 
Appendix A for full ranking calculations) and is applied to the Equation 1 to determine the 
material condition index: 
𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐼𝑛𝑑𝑒𝑥 =  𝑅1 × (1 + 𝑅2 + 𝑅3 + 𝑅4 + 𝑅5)                          (1) 
4.3. MUCKPILE PROFILE 
There has been limited research conducted into the effect of muckpile profiles on dozer 
productivity, however current industry practices suggest that dozer push operations coupled with 
cast blasting provide very completive cost savings (Hall, 2016).  
The aim of cast blasting is to cast as much of the material into the low wall void. The result of 
cast blasting typically creates a large power trough, where the majority of the material is 
displaced off the highwall. This is optimal for dozer push operations as dozers are required to do 
less side-cutting and the use of an excavator is void (Veness, 2016).  
Orica conducted a study in Queensland to determine optimal drill and blast parameters that 
would enhance the blast profile in a way that increased dozer push productivity. According to 
their blast team, an ideal blast profile was one that would reduce the average push distance 
during the dozer operation (Esen and Nagarajan, 2015).  Figure 15 compares the typical blast 
profiles the mine site was witnessing before the study and the blast profile after the study. It 
shows significant increase in cast percentage and a decrease in the amount of material against the 
highwall.  
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Figure 15. Muckpile shape before and after UT600 applied (Esen and Nagarajan, 2015). 
Whilst the results showed only a slight increase in the mean dozer productivity after the study, 
operator feedback was very strong regarding fragmentation and overall ease of operation (Esen 
and Nagarajan, 2015).  
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 PROJECT METHODOLOGY  
The literature review conducted showed that the knowledge gap lay within several areas: 
 Dozer bulk push is mostly considered as a pre-dragline bench removal method rather than 
a waste removal method in itself. This is why the majority of the industry case studies 
assumed the highwall material could be removed using a dragline.  
 Any industry study considering the use of an excavator in the dozer bulk push process did 
not consider any excavators larger than one fitted with a 23m3 bucket (Caterpillar 5230b 
excavator).  
 The relationship between dozer push productivity and fragmentation and muck-pile 
profiles has not been extensively explored. 
 No testing has been conducted or published regarding the productivity loss when dozers 
side-cut the highwall during bulk pushing (a side-cutting production factor hasn’t been 
established).  
The following section describes the methodology that was undertaken for the research project in 
order to investigate these topics further and close the gap surrounding some undiscovered dozer 
bulk push practices.  
5.1. VARIABLES AND ASSUMPTIONS  
In order to simulate the data to determine the cost effective situations in which excavator side-
cutting was preferred over dozer side-cutting, 109 different scenarios testing various 
combinations of variables were designed. An outline of all the design combinations is listed in 
Appendix B. The four variables selected to model were bench widths, fragmentation factors, 
muckpile profiles and excavator size. Using literature and operator and industry testimonials, 
appropriate assumptions were made regarding the different levels within each variable.  
5.1.1. Bench Widths 
Typical bulk push operations occur on bench widths ranging from 45 to 60m and bench heights 
ranging from 30 to 40m (Boutlon, 2016). For the purposes of this research project, a bench 
height of 35m was selected and kept constant as cost and productivity was deemed more 
sensitive to changes in bench width rather than bench height. This is because bench widths 
directly impacts on the distance dozers have to push perpendicular to the wall, which is a 
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dominant production factor in dozer bulk push operations. In terms of bench widths, three 
different widths were selected: 45 m, 55 m, and 60 m. These dimensions were selected based on 
the bench widths used at XY mine site as well as being typical bench widths for dragline and 
dozer push operations.  
5.1.2. Fragmentation Factors 
The fragmentation of the waste material was categorised as fine; medium and course. Using 
JKMRC Material index calculations, relationships between powder factor and dozer productivity 
and operator testimonials, production factors were assumed for each level of fragmentation. The 
literature review provided in depth descriptions of fragmentation levels and Appendix C contains 
the specific information used in selecting the following fragmentation factors.   
 Fine fragmentation production factor: 1.00 
o Refers to standard blasted material associated with easy digging and good blade 
fill factor.  
 Medium fragmentation production factor: 0.85 
o Associated with more uniform particle size and sharper edges increasing the 
difficulty to fill the blade and dig the material.  
 Course fragmentation production factor: 0.7 
o Defined by a skewed distribution of particle sizes containing larger sized 
fragments with sharp edges typically associated with low blade fill factor and 
‘jolty’ diggability.  
5.1.3. Muck-pile Profiles  
Three different muck-pile profiles were established which were defined by the amount of waste 
material that fell behind the ‘pivot line’ and was therefore classed as prime material (i.e not need 
to be re-handled).  
 A standard cast blast leaves the most amount of material up against the highwall 
and casts only 15% of the material behind the pivot line;  
 a medium cast blast casts approximately 20% of the material behind the pivot line 
and leaves less material against the highwall; and 
39 
 
 a large cast blast typically generates a large power trough casting 25% of the 
material behind the pivot line and throws approximately a third of the material off 
the highwall.  
Figures 16, 17 and 18 illustrates the three different muck pile profiles. 
 
Figure 16. Example of a small/standard muckpile profile. 
 
Figure 17. Example of a medium muckpile profile. 
 
Figure 18. Example of large muckpile profile. 
 
5.1.4. Excavator Size  
The following excavator sizes were selected to reflect XY mine’s excavator conditions as well as 
the field case studies explored in the literature in section 3.00.  
 Hitachi EX2600 excavator fitted with a 15 m3 bucket; 
 Caterpillar 5130b excavator fitted with a 23 m3 bucket; and 
 Hitachi EX3600 excavator fitted with a 29 m3 bucket.  
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5.2. CALCULATING THE DOZER SIDE-CUTTING PRODUCTION FACTOR  
5.2.1. Overview 
Data was obtained and analysed from a mine site in NSW that performs dozer side-cutting on the 
highwall. A side-cutting factor of 0.75 was determined (i.e 25% of production time was spent 
side-cutting the highwall). The data was provided in the form of a Microsoft Excel document 
which was compiled from GPS tracked dozers. A seven day period was analysed and 
manipulated. Due to confidentiality agreements, the location of the site was not provided and 
therefore an assumption regarding the coordinates of the highwall was made. It was assumed that 
in accordance with a typical bulk pushing operation, the direction in which dozers travel the 
most is when dozers bulk push material in the direction perpendicular to the highwall.  
5.2.2. Inputs 
The data collected from the dozers included the time, task and easting, northing and elevation 
coordinates. The ‘task’ values were broken up into commands the operators could press on their 
dozer screens to describe the following activities: 
 bulk push; 
 cut HW; 
 rehandle; 
 standby; and 
 tramming 
5.2.3. Calculation Method 
The following steps were undertaken to determine the amount of time over the seven day period 
that dozers spent on the highwall (see Appendix D for the in depth calculation process). The 
major underlying assumption made throughout the process was that dozers working in the 
direction parallel to the highwall was deemed as ‘side-cutting’ time and dozers working in the 
direction perpendicular to the wall was deemed as ‘bulk pushing’ time.  
 The number of instances the dozer was in the direction between 0° and 90° and 
between 180° and 270° was determined; 
 The number of instances the dozer was in the direction between 90° and 180° and 
between 270° and 360° was determined; 
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 By assuming the dozer works in one direction the majority of the time (when bulk 
pushing), the higher number of instances provided the dozer direction and 
therefore the direction of the highwall strike; 
 The average direction in each instance was determined, which provided a 
highwall strike at 49° N and therefore a dozer bulk push direction at 310° N.   
 The time in each direction was determined, which showed a total of 153,741 
seconds spent parallel to the highwall out of a total time of 604,798 seconds, 
suggesting that dozers spent 25% of the time side-cutting the highwall. This 
suggested a side-cutting production factor of 0.75. 
All the GPS coordinates were plotted and are illustrated in Figure 19. The highwall is easily 
identified as well as the slots in which the dozers were bulk pushing. The side-cutting GPS 
coordinates determined through the above process were also plotted (Figure 20) and successfully 
illustrate the dozers cutting away at the highwall.  
 
 
These results were verified by checking the amount of times the dozer operators made use of 
their controllers and pressed ‘Cut HW’ when side-cutting the highwall. Times when the dozers 
were on standby or not moving were filtered out and various results were obtained. Over the first 
twelve hour shift, 22.5% of the time was spent cutting the highwall. The following couple of 
days found an average of 49% for one dozer and 30% for another. Overall, the seven day average 
was 35%. Whilst these results suggest that a lower production factor of 0.75 should be applied, 
these results rely on the operators to accurately and consistently record their activities when 
operating. Because of this, these results are seen as less accurate. However, the first twelve hour 
Figure 20. Dozer bulk push GPS coordinates. Figure 19. Dozer side-cutting GPS coordinates. 
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shift could potentially be a better representation of their side-cutting time, assuming their 
diligence in correctly pressing the controllers was stronger on the first day.  After several shifts 
of repeating the dozer push process, it is reasonable to assume the operators start forgetting to 
adjust their activities on the controller, which would therefore over-state their time side-cutting 
the highwall. Whilst these results still provide an idea of potential side-cutting productivity loss, 
a factor of 0.75 based on the calculation steps listed above was selected.  
5.3. DESIGN PROCESS  
Using design software, blasted bench profiles for each different bench width and each different 
muck pile profile were designed. The following steps were taken to design the scenarios:   
 Each bench profile was designed with a 70° highwall. The bottom 8 m of each design was 
assumed to be more economical via Truck and Shovel methods and was therefore left out 
(Boulton, 2016).   
 The pivot line was drawn from the edge and toe of the bench floor 53° from the horizontal. 
 The area (to be placed behind the pivot line) associated with each different muckpile 
profile was calculated. 
 The remaining blasted profile was designed to replicate that of the corresponding muckpile 
profile. 
 Each profile was then broken up into multiple slices (for the design scenario’s that 
assumed an excavator was used on the highwall, a 12 m section from the highwall was 
allocated to the excavator and the remaining profile was then broken into slices). 
 Using standard cut and fill design procedures, the volume of each slice was replicated on 
the low wall side of the profile. 
 The centroid of each ‘cut’ and ‘fill’ section was calculated in order to determine the 
average grade and distance the dozers had to travel throughout the operation.  
Figures 21, 22 and 23 are examples of the three different muck pile profiles for a 55 m bench 
width (see Appendix E for all designs). The larger cast blast profile has more material behind the 
pivot line and less material on the highwall than the medium and small cast blast profiles.  
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m 
Centroid Line Pivot Line 
15%  
(prime waste) 
55m 
35m 
Centroid Line 
Pivot Line 
15%  
(prime waste) 
Figure 21. Example dozer bulk push design for a 55 m bench width small/standard muckpile profile 
without excavator assistance. 
55m 
35m 
25%  
(prime waste) 
Figure 23 Example dozer bulk push design for a 55m bench width large muckpile profile with 
excavator assistance. 
Figure 22 Example dozer bulk push design for a 55m bench width medium muckpile profile with 
excavator assistance. 
55m 
35m 
20%  
(prime waste) 
Excavator material 
44 
 
5.4. DOZER AND EXCAVATOR COSTS  
The costs associated with a Hitachi EX3600 excavator fitted with a 29 m3 bucket were obtained 
from XY mine site whilst the costs of a Hitachi EX2600 and a Caterpillar 5130b excavator were 
obtained from MEC Mining. An opportunity cost of 1.25 was applied to the EX3600 excavator 
to reflect the lost production time the excavator would otherwise use performing higher priority 
tasks around the mine.  
Table 1 outlines the costs associated with the dozers and the different sized excavator (see 
Appendix F for further costing information).  
TABLE 1  
Dozer and Excavator Costs 
  
CAT D11R 
Dozer 
Hitachi 
EX2600 
CAT 5130b 
Excavator  
Hitachi EX3600 
Excavator  
Total Operating Cost  
(excl. Labour) ($)  
1,159,646 3,294,400 3,736,523 4,950,551 
Total Labour cost ($) 800,977 406,560 448,640 582,649 
Total Operating Hours  5,323 3,872 3,872 4,500 
Total Cost per Operating 
Hour  ($) 
367 956 1,081 1,537 
 
5.5. COST AND PRODUCTIVITY CALCULATOR 
A cost and productivity model was generated using the inputs and variables for each design 
scenario. Appendix G and H provide a snapshot of the dozer and excavator productivity and cost 
model in use using Microsoft Excel respectively. For every design that assumed an excavator 
worked the highwall, the cost of using the excavator generated from the excavator model was 
added to the cost of the design generated from the dozer calculator model. Once an overall cost 
was assigned to each design, the total cost per loose cubic meter was determined and the 
comparative study was undertaken.     
5.5.1. Dozer Model  
 
Equations 2 and 3 were applied to each design combination to determine the productivity and 
cost of each scenario. Using the average push distances and grades of each slice within a design, 
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the theoretical maximum productivity was obtained from the Caterpillar Performance Handbook 
(see Appendix H for the Caterpillar production tables).  
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑝𝑒𝑟 𝑠𝑙𝑖𝑐𝑒)   = 𝑇ℎ𝑃 × 𝑇𝐹 × 𝐷𝑜𝐹 × 𝑂𝐹 × 𝐷𝑒𝐹 × 𝑀𝐹 × 𝐹𝐹 × 𝑆𝐹               (2) 
𝑊ℎ𝑒𝑟𝑒:  
𝑇ℎ𝑝 = 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑙𝑐𝑚/ℎ𝑟) 
𝑇𝐹 = 𝑇𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟  
𝐷𝑜𝐹 = 𝐷𝑜𝑧𝑖𝑛𝑔 𝐹𝑎𝑐𝑡𝑜𝑟 
𝑂𝐹 = 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝐹𝑎𝑐𝑡𝑜𝑟  
𝐷𝑒𝐹 = 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 
𝑀𝐹 = 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐹𝑎𝑐𝑡𝑜𝑟 
𝐹𝐹 = 𝐹𝑟𝑎𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 
𝑆𝐹 = 𝑆𝑖𝑑𝑒𝑐𝑢𝑡𝑡𝑖𝑛𝑔  𝐹𝑎𝑐𝑡𝑜𝑟  
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 ($)  = ∑
 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑙𝑐𝑚)
 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑙𝑐𝑚/ℎ𝑟)
 
𝑛
𝑖
× 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟     (3) 
𝑊ℎ𝑒𝑟𝑒:  
𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑙𝑖𝑐𝑒𝑠 𝑝𝑒𝑟 𝑑𝑒𝑠𝑖𝑔𝑛 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜  
5.5.2. Excavator Model  
When generating the excavator cost and productivity model, several assumptions were made: 
 the Hitachi EX3600 operates for approximately 4500 hours per year whilst the other 
two smaller loading units operate for 3873 hours per year; 
 all loading units walk to and from the operation between each pass to fulfil other mining 
tasks on site; 
 walking time is approximately 4 hours each way;  
 bucket fill factors vary depending on fragmentation; and 
 a job efficiency factor of 91% represents an average of 54 to 55 minutes per hour of 
efficient worked by the excavators.  
Tables 2, 3 and 4 outline the inputs used to determine the trenching productivity, which was 
obtained from the trenching chart in the Caterpillar Performance Handbook (see Appendix K).  
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TABLE 2  
Hitachi EX2600 trenching production factors 
Hitachi EX2600 - 15m3 Bucket 
Fragmentation  
Bucket Fill 
Factor  
Payload Cycle Time 
Theoretical 
Productivity 
TRENCHING 
 LCY/60 min hr 
Fine 95% 14.25 27 1900 1924 
Medium 85% 12.75 27 1700 172 
Course 75% 11.25 27 1500 1519 
 
TABLE 3  
CAT 5230b trenching production factors 
CAT 5230b- 23m3 Bucket 
Fragmentation  
Bucket Fill 
Factor  
Payload Cycle Time 
Theoretical 
Productivity 
TRENCHING 
LCY/60 min hr 
Fine 95% 21.85 30 2622 2622 
Medium 85% 19.55 30 2346 2346 
Course 75% 17.25 30 2070 2070 
 
TABLE 4  
Hitachi EX3600 trenching production factors 
Hitachi EX 3600 - 29m3 Bucket 
Fragmentation  
Bucket Fill 
Factor  
Payload Cycle Time 
Theoretical 
Productivity 
TRENCHING 
LCY/60 min hr 
Fine 95% 27.55 33 3006 3008. 
Medium 85% 24.65 33 2689 2692 
Course 75% 21.75 33 2373 2348 
Equation 4 was used to calculate the total cost required to use the respective excavators in the 
dozer push operations.  
 𝐶𝑜𝑠𝑡 ($)  = [(
 𝑉𝑜𝑙𝑢𝑚𝑒
𝑇𝑟𝑃 (𝑙𝑐𝑚/ℎ𝑟)  × 𝐽𝐸𝐹
) + 𝑊𝑎𝑙𝑘𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 ]  × 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐶𝑜𝑠𝑡/ℎ                    (4) 
𝑊ℎ𝑒𝑟𝑒:  
𝑇𝑟𝑃 = 𝑇𝑟𝑒𝑛𝑐ℎ𝑖𝑛𝑔 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑙𝑐𝑚/60 min ℎ𝑟)  
𝐽𝐸𝐹 = 𝐽𝑜𝑏 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝐹𝑎𝑐𝑡𝑜𝑟   
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5.6. ALTERNATIVE METHODOLOGY APPROACHES  
This project could have been completed using different approaches, mainly through: 
 conducting multiple trials on an open cut mine to obtain real mine site data; and 
 using dozer push specific software (3D Data Guidance, Geovia Minex etc.) to simulate 
the results.  
However given the time restraints, it would have been difficult to conduct enough mine site trials 
to obtain enough data for each different variable. Furthermore, using one sites data would have 
made this project very specific to that mine and therefore less applicable and all rounded for 
other mine sites. As well as this, maximising the benefits of using a dozer push specific program 
was un-realistic within the time frame. Therefore, for the time frame provided and for the 
resources readily available, the current methodology was believed to be the most promising path 
for obtaining results and providing a reasonable basis for future work in to the topic.  
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 PROJECT RESULTS AND ANALYSIS  
The results of the complete cost analysis model are provided in Appendix I. The following 
section illustrates these results and highlights the key information which emerged from the cost 
model comparison between using the dozer side-cutting and excavator side-casting techniques.  
6.1. COST ANALYSIS – 45M BENCH WIDTH  
Figure 24 shows the conditions under which dozer side-cutting is economically favourable for a 
bench width of 45 m. For a large cast blast with fine or medium fragmentation, dozer side-
cutting is cheaper than using any excavator in the operation. However, a big cast with course 
fragmentation is only more favourable over the use of the largest size excavator (29 m3 bucket). 
This is also the case for a medium cast blast with fine and medium fragmentation as well as a 
small cast blast with fine fragmentation.  
 
Figure 24. Unit Cost ($/lcm) for a 45m bench width. 
Table 5 outlines the potential cost savings by having the dozers side-cut the highwall rather than 
using an excavator. Higher cost savings for a 45 m bench seem to occur for larger cast blasts and 
finer fragmentation.  
TABLE 5 
 The cost savings achieved using the dozer side-cutting technique for a 45 bench width. 
Loader Bucket Size Muckpile Profile Fragmentation Cost Savings ($/lcm) 
15m3 
Big Cast  Fine 0.09 
Big Cast  Medium  0.01 
23m3 
Big Cast  Fine 0.13 
Big Cast  Medium  0.06 
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29m3 
Big Cast  Fine 0.37 
Big Cast  Medium  0.29 
Big Cast  Course  0.19 
Medium Cast Fine 0.14 
Medium Cast Medium  0.05 
Low/Standard  Fine 0.07 
6.2. COST ANALYSIS – 55M BENCH WIDTH  
For a bench width of 55 m, Figure 25 shows the three occasions for which dozer side-cutting is 
more economical. For sites with smaller excavators equivalent to a Hitachi EX2600 or 
Caterpillar 5230b, having the excavator’s side-cast the material of the highwall would be more 
economical in all conditions. However for sites restricted to using a relatively larger excavator 
with a 29 m3 bucket like XY mine, dozer side-cutting is cheaper for big casts with fine and 
medium fragmentation as well as medium cast with fine fragmentation. 
 
Figure 25. Unit Cost ($/lcm) for a 55m bench width. 
Table 6 shows the potential cost savings incurred when having the dozers side-cut the material 
instead of having the 29 m3 bucket excavator side-cast the material. Once again, larger muck-pile 
profiles and finer fragmentation offer higher cost savings.  
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TABLE 6.  
The cost savings achieved using the dozer side-cutting technique for a 55 bench width. 
Loader Bucket Size  Muckpile Profile  Fragmentation Cost Savings ($/lcm) 
29m3 
Big Cast  Fine 0.16 
Big Cast  Medium  0.07 
Medium Cast Fine 0.03 
6.3. COST ANALYSIS – 60M BENCH WIDTH   
Figure 26 show that dozer side-cutting is more economical than using any excavator in a dozer 
push operation at any level of fragmentation for a standard/small muckpile profile. Contrary to 
the results for a 45m and 55m bench width, higher cost savings are incurred for smaller muckpile 
profiles and finer fragmentation. Such cost savings are outlined in Table 7.  
 
Figure 26. Unit Cost ($/lcm) for a 60 m bench width. 
 
TABLE 7  
The cost savings achieved using the dozer side-cutting technique for a 65 m bench width. 
Loader Bucket Size  Muckpile Profile  Fragmentation Cost Savings ($/lcm) 
15m3 
Low/Standard  Fine 0.28 
Low/Standard  Medium  0.23 
Low/Standard  Course  0.16 
23m3 
Low/Standard  Fine 0.31 
Low/Standard  Medium  0.26 
Low/Standard  Course  0.18 
29m3 
Low/Standard  Fine 0.58 
Low/Standard  Medium  0.53 
Low/Standard  Course  0.46 
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6.4. DECISION MATRIX OF RESULTS  
Figure 30 is a decision matrix created by compiling the cost analysis results from the project. It serves as a clear and practical tool for mine sites 
when trying to decide whether to use an excavator during their dozer push operation according to their bench dimensions, excavator size, muckpile 
profile and fragmentation conditions. 
 
Figure 27. Decision matrix. 
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6.5. TRENDS AND RELATIONSHIPS 
The results identified some trends between variables. As expected, unit cost and productivity 
decreased with finer fragmentation. Interestingly enough, Figure 30 highlights a relationship 
between the size of the shape of the muckpile profile and the size of the bench width. It seems 
that for a smaller bench width at 45 m, dozer side-cutting is economically favourable for large 
muckpile profiles; however for a wider bench at 60 m, it is favourable for small/standard blast 
profile. This relationship shows how much more unit cost is sensitive to the amount of material 
left against the highwall compared to the additional push distance the dozers have to travel due 
to a wider bench.  
The results suggest that for a bench width of 45 m in a large cast blast, the little volume of 
material left against the highwall was not worth being cleared by an excavator. Evidently, the 
production loss associated with dozer side-cutting was small enough to outweigh any production 
gain from an excavator. The shorter push distance associated with the smaller bench width of 
45 m as well as the low amount of material on the highwall proved to be ideal conditions for 
dozer side-cutting. However, by increasing the bench width to 60 m, dozer side-cutting was no 
longer economically favourable in this large cast blast profile. The longer push distance incurred 
on a 60m bench exceeded the benefits of the small production loss associated with having the 
dozers side-cut the little amount of material left on the highwall. Evidently, the production gain 
in using an excavator rendered the operation cheaper. Nevertheless, for a 60 m bench width with 
a small cast blast profile, dozer side-cutting became more economical. A small muck pile profile 
has much more material left on the highwall than other muckpile profiles.  Evidently, the costs of 
removing this increased amount of highwall material with an excavator exceeded the costs 
associated with the production loss of having the dozers side-cut instead as well as the 
production loss caused by the longer push distance.  Therefore, whilst dozer side-cutting was less 
economical with increasing bench width (push distance), using an excavator was even less 
economical with decreasing muckpile size.  
Overall, a bench width of 45 m provided the most amount of occasions for dozer side-cutting to 
replace the use of an excavator. Specifically for large cast blasts and finer fragmentation 
conditions. Finally, dozer side-cutting proved to be more economical over the use of the Hitachi 
EX3600 in more conditions than over the use of the two smaller type excavators.  
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6.6. COST SENSITIVITY ANALYSIS  
A sensitivity analysis was conducted in terms of the amount of instances dozer side-cutting 
became economical against the following different variables: 
 excavator operating costs; 
 dozer operating costs; 
 the dozer side-cutting factor; 
 fragmentation factors; and 
 the amount of hours allocated to excavator walking time.  
It was found that a 2% change in excavator operating costs and the amount of walking time for 
the excavator had the most effect, whereby the number of instances dozer side-cutting became 
more or less economical changed by approximately three. It wasn’t until a 5% change in the 
dozer side-cutting factor or a 7% change in fragmentation levels, that the number of instances 
changed by one.  
6.7. PRODUCTIVITY ANALYSIS  
The time taken to complete the waste removal operation was restricted by how long it took the 
dozers to complete their section, and was therefore unaffected by the size of the excavator used. 
Figures 27, 28 and 29 compare the productivity of the excavator assisted and non-excavator 
assisted dozer push operations for different muckpile profiles and fragmentation. It was found on 
average the excavator assisted operation was 30% more productive than having the dozers side-
cut the highwall which supports current literature claims. For a bench width of 45 m and 55 m, 
the productivity between the excavator and non-excavator operation at each different level of 
muckpile profile and fragmentation was very proportional and consistent. However for a bench 
width of 60 m, the productivity differences for small and medium muck pile profiles was less 
consistent, whereby the non-excavator assisted operation was less unproductive than that for 
smaller bench widths. This shows the decreasing marginal effects of shorter push distances on 
the dozer productivity which supports part of the reasoning why smaller muckpile profile for a 
larger bench width of 60 m was cheaper for dozer side-cutting than using an excavator.   
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Figure 28. Productivity comparison for a 45 m bench width 
Figure 30. Productivity comparison for a 55 m bench width. 
Figure 29. Productivity comparison for a 60 m bench width. 
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 SAFETY AND EXTERNAL PRODUCTION 
FACTORS TO CONSIDER   
The production factors listed in Section 3 directly impact the productivity of dozer bulk pushing 
and excavator side-casting. However, it is important to consider when safety factors and indirect 
production factors might also affect the decisions for mines sites to use an excavator or not in a 
typical dozer bulk push operation. Such factors include: 
 Desired highwall conditions to ensure safety for operator working under it (safety factor): 
a. depending on the geology and whether pre-splitting has successfully been 
achieved, the highwall condition could be good enough that dozers can spend less 
energy scaling it when they are side-cutting the material, 
b. however if the highwall condition is bad (significant cracks, rocks are likely to 
fall off), then mine sites are less inclined to have dozers side-cut along the 
highwall as they are required to sit directly under it. In this instance, mine sites 
will usually implement an excavator at the highwall (Hall, 2016).   
 Wet weather conditions (production factor): 
a. in wet weather, dozer bulk push is less affected by wet weather stoppages than 
truck and shovel fleets (Aspinall et al, 1993), 
b. having to implement an excavator in a dozer push operation in wet conditions 
would be less productive and cause delays, therefore the option of dozer side-
cutting would become the first choice.  
 Scheduling and sequencing of excavator in the mine plan (production factor): 
a. it is important to consider the costs of scheduling and sequencing the excavator 
and the opportunity costs of the excavator, 
b. as discussed previously, Ingles et al, suggested that the cost of sequencing the 
excavator could decrease the overall production improvement by 10%, 
c. furthermore, the costs of walking the excavator to the operation must also be 
considered, as this is time spent performing a secondary task (i.e. not directly 
uncovering coal) when it could be performing a primary task in another situation.  
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 Excessive maintenance costs on dozers as a result from side-cutting: 
a. side-cutting the highwall can cause major damage to the dozers if they are 
required to do it for significant periods of time or on highly uneven and rough 
terrain.  
b. Ingles et al (2005) observed that when implementing an excavator at the highwall, 
mine sites found that overall dozer maintenance costs decreased resulting from 
less abuse and damage from dozer side loading.  
Another safety factor is excessive vibration exposure when operating dozers. This topic is 
described in further detail in Section 7.1.  
7.1. EXCESSIVE VIBRATION EXPOSURE  
Vibration exposure is significantly common when operating dozers and the activity of side-
cutting against a hard highwall on uneven terrain can be assumed to be a vibration-filled 
operation (Hall, 2016). The Australian Standard (AS2670-2001) classifies vibration exposure 
into three categories (Mcphee, Foster and Long, 2009): 
11. Likely Health Risk Zone – likely health risk  
12. Caution Zone – potential health risk 
13. Below the ‘Caution Zone’ – health effects not objectively observed 
These categories assess steady state (rms RMS?) and shock type vibrations (VDV). Dozer 
activities, especially ripping, pushing or battering pit walls, are mostly subjected to sharp jolts 
and shocks, so the VDV can be a preferred method of vibration analysis (Mcphee, Foster and 
Long, 2009). VDV measurements also often correlate with dozer driver’s subjective opinions, 
and the diagram depicted in as Figure 31 can be used when classifying vibration exposure.  
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Regarding this research project, a vibration study could be undertaken when the dozers are 
required to side-cut the highwall by obtaining vibration measuring equipment or dozer operator 
opinions in order to classify the roughness of the operation. If the results indicate that side-
cutting poses potential or likely health risks if performed repeatedly, mine sites may choose to 
use an excavator to avoid these issues, regardless of productivity.    
Figure 31. Vibration Dose Value versus operator feedback curve  
(Mcphee, Foster and Long, 2009). 
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 RISK ASSESSMENT 
8.1. OVERVIEW 
It was important that the number of hazards that could prevent the completion of the thesis had 
been identified. By identifying the hazards, the risks of these hazards occurring could be 
mitigated by establishing contingency plans and implementing appropriate controls. A failure 
mode, effects and criticality analysis (FMECA) was conducted in order to identify the hazards 
which could have had the greatest effects on the completion of the research project. Furthermore, 
a contingency plan had been developed in order to ensure the project can be completed in the 
unlikely events that the most severe consequences occur. It so happens that this contingency plan 
was acted on given that certain hazards indeed occurred and required the use of the back up plan. 
The full FMECA appears in Appendix C.  
8.2. FAILURE MODE, EFFECTS AND CRITICALITY ANALYSIS 
8.2.1. Functional Failures 
Throughout the completion of this project, the potential function failures were identified as: 
 the project is completed to a less than desired standard; 
 the project takes longer to complete than anticipated; 
 the thesis is completed but the results are void/content is irrelevant; 
 the thesis is partly completed; and  
 the thesis not completed.  
8.2.2. Failure Modes 
The failure modes in which the functional failures would occur were determined to be: 
 data loss; 
 XY Mine site undergoes significant change in management - industry supervisor 
can no longer help or lead project and therefore serious delays occur in data 
collection stage; 
 wet weather affects trials and trials must be reschedule – serious delays occur in 
data collection stage; 
 requested data unavailable when on site; 
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 insufficient data; 
 lost time injury whilst on  site; 
 lost time as a result from injury or sickness; 
 file corruption; 
 previous key tasks are not completed; 
 poor time management; 
 no submission; 
 inappropriate/irrelevant sources; 
 incorrect project scope; 
 project scope too large;   
 project criteria sheet not adhered to; and 
 poor proof reading of report. 
8.2.3. Risk Ranking 
In order to identify which failure modes would have had the greatest effects on the completion of 
the project, each mode was ranked using the criteria outlined in Table 5.  
TABLE 8.  
Risk ranking criteria. 
Rating Likelihood Severity 
1 
Highly unlikely  
(less than once per year) 
Insignificant   
(project completion unaffected) 
2 
Unlikely  
(yearly) 
Minor  
(minor lost time and minor decrease in 
project quality)  
3 
Neutral  
(twice per year) 
Moderate  
(moderate lost time small decrease in 
project quality) 
4 
Likely  
(10 times per year) 
Major  
(major time loss and moderate 
decrease in project quality) 
5 
Highly Likely  
(weekly) 
Severe (unable to complete project at 
all or to a satisfactory standard ) 
The rankings of the failure modes are shown in Table 6. It is evident that the greatest risks 
relating to issues with data (data loss, delays in data collection from wet weather and file 
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corruption. Poor time management came as the second greatest risk.   Controls were put in place 
to mitigate the potential risks.  
TABLE 9 
Risk ranking of failures. 
Failure modes 
Likelihood 
of failure 
mode 
Consequence 
severity 
Ranking 
Data loss  3 4 12 
Industry Supervisor 
unavailable 
3 2 6 
Wet weather and trial 
delays  
4 3 12 
Requested data unavailable 
when on site  
1 2 2 
Insufficient data 2 3 6 
Lost time injury when on 
site  
1 3 3 
Lost time as a result from 
injury or sickness  
1 3 3 
File corruption  3 4 12 
Previous key tasks 
incomplete  
1 2 2 
Poor time management 2 5 10 
No submission 1 5 5 
Inappropriate/irrelevant 
sources  
2 2 4 
Incorrect project scope 1 3 3 
Project scope to large 3 3 9 
Project criteria sheet not 
adhered to 
2 4 8 
Poor proof reading and 
editing  
2 4 8 
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8.2.4. Controls 
The controls put into place to mitigate the potential risks of the failure modes from occurring 
included:   
 regularly backing up data and files; 
 keeping up to date with industry supervisor regarding their continuous involvement in the 
project; 
 discussing thesis and project requirements with other site personnel to ensure site 
stakeholder backup; 
 adhering to the project schedule; 
 regular consultations with industry and project supervisors; and 
 carefully reading the project read the criteria sheet as reports are constructed. 
Implementation of these controls resulted in the decrease of risk rankings (shown in full FMEA 
in Appendix C).  The decreased rankings were still highest for failure modes relating to issues 
with data.    
8.3. CONTINGENCY PLANS 
In the unlikely events that the failure modes with the greatest risks occur, contingency plans built 
into the risk assessment, ensured that completing the project was not compromised.  The 
contingency plans were: 
 regularly saving and backing up data and files in multiple locations and in separate 
locations so that file corruption can’t affect each location; 
 organising a ‘back up’ trials data collection day at XY Mine Site with industry supervisor 
to ensure that data can be still be collected if original trial date is changed; 
 adjusting and modifying the project scope if new/different/contradicting information is 
obtained from the field trials; 
 source theoretical/simulated data in case site data can’t be collected. 
Sourcing theoretical data and simulating the data was used to ensure the thesis could be 
completed as the mine site trials were cancelled, leaving no mine data available.   
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 CONCLUSIONS 
A mine site in the Hunter Valley was used as a case study to investigate the effect of muck pile 
profiles, fragmentation, bench widths and excavator size on the cost of using an excavator to 
assist a typical bulk push operation. In order to remove the material that rests against the 
highwall after a bench has been blasted, an excavator can be used to side-cast the waste which 
allows the dozers to immediately begin bulk pushing into the spoil pile. An alternative technique 
however, involves the dozers working parallel to the highwall and ‘side-cutting’ this material 
before rotating their blade to begin the bulk pushing process perpendicular to the highwall. 
Current industry practices, however, suggest dozer side-cutting is less productive and 
economical. Nevertheless, this research project aimed to identify the mining conditions under 
which each technique could be more economically viable.   
An extensive literature review was conducted, investigating the dozer bulk push production 
factors as well as analysing relevant industry case studies. The review identified a lack of 
information and research in the following areas: 
 dozer bulk push productivity and costs in terms of muckpile profiles and 
fragmentation; 
 excavator assisted dozer push operations for excavators larger than those fitted 
with a 23 m3 bucket; 
 the productivity loss when dozers side-cut the highwall (the dozer side-cutting 
production factor).  
In order to investigate these areas, 109 different dozer bulk push designs were developed which 
tested the following variables: 
 muckpile profiles (large, medium and standard/small); 
 fragmentation (fine, medium and course); 
 bench widths (45 m, 55 m, and 60 m); and 
 excavator size (15 m3, 23 m3 and 29 m3 buckets). 
Dozer bulk push data was obtained from a mine in NSW and was analysed and used to calculate 
a dozer side-cutting production factor of 0.75 (the dozers had spent approximately 25% of the 
time cutting the highwall throughout the operation). Out of eighty-one scenarios, the results 
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found twenty two instances when dozer side-cutting was more economical than using an 
excavator. For a 45 m bench width, larger blast profiles and finer fragmentation proved to be 
ideal, especially over the use of the larger excavator (Hitachi 3600 with a 29 m3 bucket). For a 
55 m bench width, dozer side-cutting was more preferable than using the larger excavator only; 
whilst a 60 m showed that dozer side-cutting was more viable than the use of any excavator size 
in small blast profile conditions for any level of fragmentation.  The cost savings achieved by 
using dozer side-cutting ranged between $0.06/lcm and $0.59/lcm. The 60 m bench width with a 
small muck pile profile showed the largest cost savings where an all dozer operation cost 
between $1.92/lcm to $2.75/lcm for fine to course fragmentation respectively. This was 
compared to an excavator assisted operation which cost between $2.2-$2.51/lcm to $2.91-
$3.22/lcm for medium to course fragmentation respectively, across the three different sized 
excavators. Furthermore, an inverse relationship between the size of the blast profile and the 
bench width was identified. The relationship highlighted that whilst dozer side-cutting became 
less economical with increasing bench width (push distance), using an excavator became even 
less economical with decreasing muckpile size.  
The productivity of each scenario was determined and was found to support existing literature 
surrounding dozer productivity. The excavator assisted dozer operations were found to be on 
average 30% more productive than the dozer side-cutting bulk push operation across each of the 
variables.  
It was noted that regardless of the results, mine sites could choose to use an excavator 
irrespective of the costs to avoid having the dozers work under the highwall. Another main 
deterrent for using dozer-side-cutting was potential maintenance damage and costs on the dozers 
as well as the fact that an excavator provides cleaner highwall face conditions. Furthermore, 
dozer side-cutting could prove to cause excessive vibration exposure to operators which could 
therefore play as another advantage to using an excavator.  
Through an FMECA of the project it was found that the greatest risks to project completion were 
the loss or corruption of data and poor time management. To ensure that these risks did not 
compromise the project, numerous copies of all files were kept and stored in different locations, 
which ensured progress was documented, and the project schedule was strictly adhered to. As 
well as this, the contingency plans developed before the project began were used and ensured the 
successful completion of the project.  
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 RECOMMENDATIONS  
This research project has validated the use of excavator side-casting in certain dozer push 
conditions however further work is encouraged to verify the findings and draw additional 
conclusions such as: 
• developing a financial technical model comparing the total unit costs (including capital 
expenditure) for an excavator assisted dozer push operation versus a dozer side-cutting 
bulk push operation;  
o this would be ideal for mine sites in their early mine life who wish to have a 
dedicated dozer bulk push fleet; 
• investigating and testing for potential maintenance damage and costs after dozers perform 
side-cutting; 
• obtaining more mine site data or conducting site trials to validate the dozer-side-cutting 
production factor; 
• investigating the optimal dozer side-cutting technique in itself in order to improve 
productivity and broaden the application of dozer side-cutting in the bulk push operation; 
and 
• exploring the optimal conditions and developing optimal designs which use both the 
dozer side-cutting and excavator side-casting techniques in the same operation.  
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APPENDIX A – MATERIAL INDEX CALCULATION 
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APPENDIX B – ALL DESIGN COMBINATIONS 
 
Figure 32. All design combinations (part 1/2) 
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Figure 33 All design combinations (part 2/2)
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APPENDIX C – FRAGMENTATION CALCUALTIONS  
Table 10 outlines the information extracted from Figure 11 in order to gauge the dozer 
production loss associated with different material fragmentation. The majority of the push 
distances designed ranged between 50 and 100m, therefore the average productivity for medium 
and course fragmentation was found for push distances 60.9 and 91.4m. It is important to note 
that, the information in Table 10 is based on a Cat D11 dozer model from 1997. It has been 
assumed that since 1997, the Cat D11’s production and performance capabilities have increased 
with increased technology and further optimisation. Given this, it is reasonable to assume that 
the dozer could perform better in the same level of fragmentation and therefore a higher 
production factor than 0.8 and 0.63 can be associated with medium and course fragmentation 
respectively.   
TABLE 10 
 Dozer production vs fragmentation. 
Productivity (bcm/hour) 
Push Distance (m) Poor Fragmentation Medium Fragmentation Good Fragmentation 
30.4 716.25 860 1100 
60.9 370 477.5 573 
91.4 238 300 390 
121.9 191 238 334 
152.4 170 191 286 
    
Productivity as a Percentage of "Good Fragmentation" 
Push Distance (m) Poor Fragmentation Medium Fragmentation Good Fragmentation 
30.4 65% 78% 100% 
60.9 65% 83% 100% 
91.4 61% 77% 100% 
121.9 57% 71% 100% 
152.4 59% 67% 100% 
Overall Average 61% 75% 100% 
Average for 60-91m push 
distance 
63% 80% 100% 
As well as the information obtained from Figure 11, further information regarding dozer 
productivity versus material further was extracted from a blasting and cost analysis conducted by 
MEC mining which found the results plotted in the Figure 34.   
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Figure 34. Powder Factor vs Dozer Productivity (MEC Mining, 2016). 
Assuming that good fragmentation was achieved with a powder factor between 0.8 and 0.9, 
medium fragmentation was achieved with a powder factor between 0.6 and 0.7 and that course 
fragmentation was achieved with a powder factor between 0.4 and 0.5, Table 11 outlines the 
dozer productivity associated with these fragmentation levels.  
TABLE 11 
Dozer production vs fragmentation level based on powder factor. 
Fragmentation 
Level 
Average Productivity 
(bcm/hour) 
Productivity as a Percentage of "Fine" 
Fragmentation 
Fine  310 100% 
Medium 227.5 73% 
Course 141 45% 
Table 11 and Table 10 suggest a production factor of 0.45 to 0.63 is appropriate to reflect 
productivity loss with course fragmentation. However, it has been assumed that fragmentation of 
that level which would cause that much production loss wouldn’t be acceptable in  mines and the 
material would be blasted again to achieve higher fragmentation. As well as this, it has been 
assumed that the chance of achieving such poor fragmentation is less likely in the current 
technology advanced era mines operate in.  
Therefore using the results outlines in Table 10 and 11 as well as operator testimonials and mine 
site opinions, the following fragmentation production factors were assumed for the project: 
 Fine – 1.00 
 Medium – 0.85 
 Course – 0.7 
73 
 
APPENDIX D – SIDE-CUTTING FACTOR 
CALCULATION PROCEDURE  
For the purposes of showing the calculation procedure undertaken to determine the amount of 
time the dozers spent cutting the highwall during a dozer push operation in NSW, the first and 
last rows of data have been given in table 12. A total of 73,151 rows of data were analysed.  
TABLE 12  
First and last row of side-cutting data 
 A B C D E F G H 
 Date Time 
Delta 
Time 
Task East North Elevation Direction 
1 4/16/2014 9:00:00 AM 0 Pushing 7.52 8730.66 8821.31 1 
⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ 
73151 4/23/2014 8:59:58 AM 2.433 Bulk Push -2.27 8622.98 8577.30 0 
Table 13 outlines the results obtained from the following calculations:  
1. Calculating the change in distance in  the easting and northing direction: 
   ∆ 𝐸𝑎𝑠𝑡𝑖𝑛𝑔 = 𝐸𝑎𝑠𝑡𝑖𝑛𝑔𝑛 − 𝐸𝑎𝑠𝑡𝑖𝑛𝑔𝑛−1 
∆ 𝑁𝑜𝑟𝑡ℎ𝑖𝑛𝑔 = 𝑁𝑜𝑟𝑡ℎ𝑖𝑛𝑔𝑛 − 𝑁𝑜𝑟𝑡ℎ𝑖𝑛𝑔𝑛−1  
2. Determining the angle from due north (𝛼):  
𝜃 =  𝑡𝑎𝑛−1 (
∆𝐸
∆𝑁
) 
𝐼𝑓 ∆𝑁 > 0 𝑎𝑛𝑑 ∆𝐸 > 0 
→ 𝑙𝑒𝑡 𝛼 =  𝜃 
 
𝐼𝑓 ∆𝑁 > 0 𝑎𝑛𝑑 ∆𝐸 < 0 
→ 𝑙𝑒𝑡 𝛼 =  𝜃 + 360 
 
𝐼𝑓 ∆𝑁 < 0 
→ 𝑙𝑒𝑡 𝛼 =  𝜃 + 180  
3. Assigning the change in time with the angle 𝛼 
𝑇𝑖𝑚𝑒 =  𝛼 × ∆𝑇𝑖𝑚𝑒 
4. Determining the direction in which dozers were travelling the most in: 
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𝐼𝑓 𝛼 > 90 𝑎𝑛𝑑 𝑖𝑓 𝛼 < 180 
→ 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑖𝑛𝑔 𝑜𝑛 𝑆𝐸/𝑁𝑊 𝑝𝑙𝑎𝑛𝑒, 𝑖𝑛𝑝𝑢𝑡 "1" 
𝐼𝑓 𝛼 > 270 𝑎𝑛𝑑 𝑖𝑓 𝛼 < 360 
→ 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑖𝑛𝑔 𝑜𝑛 𝑆𝐸/𝑁𝑊 𝑝𝑙𝑎𝑛𝑒, 𝑖𝑛𝑝𝑢𝑡 "1" 
𝐼𝑓 𝛼 > 0 𝑎𝑛𝑑 𝑖𝑓 𝛼 < 90 
→ 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑖𝑛𝑔 𝑜𝑛 𝑁𝐸/𝑆𝑊 𝑝𝑙𝑎𝑛𝑒, 𝑖𝑛𝑝𝑢𝑡 "0" 
𝐼𝑓 𝛼 > 180 𝑎𝑛𝑑 𝑖𝑓 𝛼 < 270 
→ 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑖𝑛𝑔 𝑜𝑛 𝑁𝐸/𝑆𝑊 𝑝𝑙𝑎𝑛𝑒, 𝑖𝑛𝑝𝑢𝑡 "0" 
𝐶𝑜𝑢𝑛𝑡𝑒𝑑 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 1′𝑠 𝑖𝑛𝑝𝑢𝑡𝑡𝑒𝑑 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 0′𝑠 𝑖𝑛𝑝𝑢𝑡𝑡𝑒𝑑, 𝑤ℎ𝑖𝑐ℎ   
 𝑒𝑣𝑒𝑟 ℎ𝑎𝑑 𝑡ℎ𝑒 𝑚𝑜𝑠𝑡 𝑤𝑎𝑠 𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑡ℎ𝑒 𝑎𝑛𝑔𝑙𝑒 𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑎𝑙𝑟 𝑡𝑜 𝑠𝑡𝑟𝑖𝑘𝑒 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑤𝑎𝑙𝑙. 
𝑇ℎ𝑒 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 𝑓𝑜𝑢𝑛𝑑 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑤𝑎𝑙𝑙 𝑠𝑡𝑟𝑖𝑘𝑒 𝑙𝑎𝑦 𝑜𝑛 𝑡ℎ𝑒 𝑁𝐸/𝑆𝑊 𝑝𝑙𝑎𝑛𝑒 . 
𝑎𝑛𝑑 𝑑𝑜𝑧𝑒𝑟 𝑝𝑢𝑠ℎ 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 𝑙𝑎𝑦 𝑜𝑛 𝑡ℎ𝑒 𝑆𝐸/𝑁𝑊 𝑝𝑙𝑎𝑛𝑒 . 
 
5. Determined which quadrant the dozer was working in:  
𝐼𝑓 𝛼 > 0 𝑎𝑛𝑑 𝑖𝑓 𝛼 < 90 
→ 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑁𝑜𝑟𝑡ℎ 𝑎𝑛𝑑 𝐸𝑎𝑠𝑡 , 𝑖𝑛𝑝𝑢𝑡 "1" 
𝐼𝑓 𝛼 > 90 𝑎𝑛𝑑 𝑖𝑓 𝛼 < 180 
→ 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐸𝑎𝑠𝑡 𝑎𝑛𝑑 𝑆𝑜𝑢𝑡ℎ, 𝑖𝑛𝑝𝑢𝑡 "2" 
𝐼𝑓 𝛼 > 180 𝑎𝑛𝑑 𝑖𝑓 𝛼 < 270 
→ 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑆𝑜𝑢𝑡ℎ 𝑎𝑛𝑑 𝑊𝑒𝑠𝑡, 𝑖𝑛𝑝𝑢𝑡 3 
𝐼𝑓 𝛼 > 270 𝑎𝑛𝑑 𝑖𝑓 𝛼 < 360 
→ 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑁𝑜𝑟𝑡ℎ 𝑎𝑛𝑑 𝑊𝑒𝑠𝑡, 𝑖𝑛𝑝𝑢𝑡 "4" 
 
 
75 
 
6. Determined the  average angle off due north the dozers worked in when in each quadrant 
→ 𝛽𝑄1 =  
(∑ 𝛼731511 )
𝐶𝑜𝑢𝑛𝑡 𝛼 
    𝑤ℎ𝑒𝑛 𝛼 > 0° 𝑎𝑛𝑑 < 90°  
= 81.7° 
→ 𝛽𝑄2 =  
(∑ 𝛼731511 )
𝐶𝑜𝑢𝑛𝑡 𝛼 
    𝑤ℎ𝑒𝑛 𝛼 > 90° 𝑎𝑛𝑑 < 180° 
= 97.9°    
→ 𝛽𝑄3 =  
(∑ 𝛼731511 )
𝐶𝑜𝑢𝑛𝑡 𝛼 
    𝑤ℎ𝑒𝑛 𝛼 > 180° 𝑎𝑛𝑑 < 270°  
= 262.3° 
→ 𝛽𝑄4 =  
(∑ 𝛼731511 )
𝐶𝑜𝑢𝑛𝑡 𝛼 
    𝑤ℎ𝑒𝑛 𝛼 > 270° 𝑎𝑛𝑑 < 360°  
= 278.1° 
7. Determined the  amount of time spent on the highwall  
𝛽𝑄1 =  
(∑ ∆𝑇𝑖𝑚𝑒731511 )
𝐶𝑜𝑢𝑛𝑡 𝛼 
    𝑤ℎ𝑒𝑛 𝛼 > 0° 𝑎𝑛𝑑 < 90°  
= 33737 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 
→ 𝛽𝑄3 =  
(∑ ∆𝑇𝑖𝑚𝑒731511 )
𝐶𝑜𝑢𝑛𝑡 𝛼 
    𝑤ℎ𝑒𝑛 𝛼 > 180° 𝑎𝑛𝑑 < 270° 
= 120004 𝑠𝑒𝑐𝑜𝑛𝑑𝑠    
 
∴ 𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 𝑜𝑛 ℎ𝑖𝑔ℎ𝑤𝑎𝑙𝑙 =  33737 + 120004 = 153741 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 
% 𝑜𝑓 𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 𝑜𝑛 𝐻𝑖𝑔ℎ𝑤𝑎𝑙𝑙 =
153741
604798
= 25% 
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TABLE 13  
Example of values obtained from calculation process of side-cutting factor 
 I J K L M N O 
  ∆ 𝐄𝐚𝐬𝐭𝐢𝐧𝐠 ∆ 𝐍𝐨𝐫𝐭𝐡𝐢𝐧𝐠 𝛉 𝛉° 𝛂° 
If NE/SW = 1 
If SE/NW = 0 
Quadrant? 
1 -1.91 -1.17 1.02 58.50 238.50 0 3 
⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ 
73151 1.642 0.137 1.488 85.231 85.231 0 1 
Figure # is a snap shot of the overall results achieved through the calculation process.  
 
 
Figure 35. Results used for calculating the dozer side-cutting factor.  
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APPENDIX E – ALL DESIGNS 
For bench width of 45m:  
 
Figure 36. Dozer push operation design for a large muckpile profile on a 45m bench with excavator assistance 
 
Figure 37. Dozer push operation design for a large muckpile profile on a 45m bench without excavator assistance 
 
Figure 38. Dozer push operation design for a medium muckpile profile on a 45m bench with excavator assistance  
 
 
 
Figure 39. Dozer push operation design for a medium muckpile profile on a 45m bench without excavator assistance 
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Figure 40. Dozer push operation design for a small muckpile profile on a 45m bench with excavator assistance 
 
Figure 41. Dozer push operation design for a small muckpile profile on a 45m bench without excavator assistance 
For bench width of 55m: 
 
Figure 42. Dozer push operation design for a small muckpile profile on a 55m bench with excavator assistance 
 
Figure 43. Dozer push operation design for a small muckpile profile on a 55m bench without excavator assistance 
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Figure 44. Dozer push operation design for a medium muckpile profile on a 55m bench with excavator assistance 
Figure 45. Dozer push operation design for a medium muckpile profile on a 55m bench without excavator assistance 
Figure 46. Dozer push operation design for a large muckpile profile on a 55m bench with excavator assistance 
Figure 47. Dozer push operation design for a large muckpile profile on a 55m bench without excavator assistance 
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 For a bench width of 60m  
 
 
Figure 48. Dozer push operation design for small muckpile profile on a 60m bench with excavator assistance 
 
 
Figure 49. Dozer push operation design for small muckpile profile on a 60m bench without excavator assistance 
 
Figure 50. Dozer push operation design for medium muckpile profile on a 60m bench with excavator assistance.  
\
 
Figure 51. Dozer push operation design for medium muckpile profile on a 60m bench without excavator assistance. 
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Figure 52. Dozer push operation design for large muckpile profile on a 60m bench with excavator assistance. 
 
Figure 53. Dozer push operation design for small muckpile profile on a 60m bench without excavator assistance. 
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APPENDIX F – DOZER AND EXCAVATOR COSTS  
 
TABLE 14. 
 CAT D11R Dozer Costs (XY Mine, 2016) 
Parameter  Value  
Utilized Hours  5604 
Direct Maintenance cost  $829,968 
Operating cost (excl. labour)  $329,678 
Operating Labour Cost  $800,977 
Total Operating Cost  $1,130,655 
Total Unit Cost (ex. Capital) $1,960,623 
Capital attributable to month $0 
Total Unit cost (inc. cap) $1,960,623 
Total Unit cost per Utilised hr. $349.17 
Operating hours 5323 
Maintenance cost $/operator hour $155 
Operating cost $/operator hour $212 
Dozer cost/Op hour (excl. Labour) $217 
Labour cost/hour  $150 
Capital cost $/operator hour $0.00 
Total cost per Operating hour  $367 
 
TABLE 15  
Hitachi EX3600 Costs (XY Mine, 2016) 
Unit/Fleet Type Hitachi 3600 Excavator 
Utilized Hours 6288.8 
% Total Utilized hrs 0.62% 
Direct Maintenance cost $3,750,605 
Operating cost (excl. labour) $1,199,946 
% Total Operating Cost (Excl. labour) 0.26% 
Operating Labour Cost $582,649 
Total Operating Cost $1,782,595 
Total Unit Cost (ex. Capital) $5,533,200 
Capital attributable to month 0 
Total Unit cost (inc. cap) $5,533,200 
Total Unit cost per Utilised hr. $879.85 
Operating hours 4500 
% Total Operating hours 0.44% 
Maintenance cost $/operator hour $833.47 
Operating cost $/operator hour $396.13 
Capital cost $/operator hour 0 
Total cost per Operating hour $1,230 
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APPENDIX G – DOZER CALCULATOR MODEL 
Figure 54 is a section of the dozer calculator model to provide an example of the remaining model for all other designs from 1.1.3 to 6.3.3.3. The 
results of each of the designs are outlined in Figure 55,56 and 57. 
  
Figure 54. Example section of the dozer calculator model. 
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APPENDIX H – EXCAVATOR CALCULATOR MODEL 
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APPENDIX I – DESIGN RESULTS  
Figure 55. All results obtained from dozer and excavator calculator model (part 1/3). 
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Figure 56. All results obtained from dozer and excavator calculator model (part 2/3). 
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Figure 57. All results obtained from dozer and excavator calculator model (part 3/3). 
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APPENDIX J- CATERPILLAR DOZER PUSH 
PRODUCTION TABLES  
 
Figure 58. Maximum dozer production lcm/hr - Data from Caterpillar Doze Simulations (MEC Mining, 2016)
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Figure 59. Grade traction production factors from Caterpillar Handbook (MEC Mining, 2016)
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APPENDIX K - CATERPILLAR EXCAVATOR 
TRENCHING CYCLE TIMES  
 
Figure 60. Caterpillar Excavator Trenching Cycle Times (Caterpillar Performance Handbook, 2008) 
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APPENDIX L – FMECA 
TABLE 16.  
FMECA for the project before controls were put in place. 
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TABLE 17.  
FMECA for the project after the controls were put in place. 
 
 
